ABSTRACT We investigated the patterns of total lipid, glycogen, hemolymph carbohydrate, and trichloroacetic acid-precipitable protein contents starting 8 h before puparium formation and throughout the whole metamorphosis of the Medßy, Ceratitis capitata (Wiedemann). In addition, during the early stages of metamorphosis, we measured the activity of acid proteinases and glutamate dehydrogenase (GDH), an important enzymatic link between amino acids and the tricarboxylic acid cycle. Lipids accumulate during the larval-dispersal phase and the Þrst 20 h of the prepupal stage. Thereafter, levels decline slightly throughout the pupal stage and Þrst half of the pharate-adult stage, and drastically decline toward the last hours of metamorphosis. Glycogen and hemolymph carbohydrates are highly used from the moment the larvae leave the diet until the mid-pupal stage, then glycogen increases toward the mid pharate-adult and decreases again to low levels at the moment of adult emergence. Protein levels decrease during the prepupal stage (coinciding with a rise in acid proteinase activity) recovering toward the pharate-adult stage. GDH activity increases during the prepupal stage, attaining maximal activity at the onset of the pupal stage and then declines to low levels. This high GDH activity may be linked to the conversion of glutamate to ␣-ketoglutarate while proteins are being broken during tissue histolysis. Our results are discussed in view of the differential utilization of metabolites during metamorphosis.
ENERGETICALLY SPEAKING, metamorphosis in insects is an almost closed system in which the ßow of energy between the interior and exterior environments of the system mainly moves in one direction. The energetic balance of holometabolous insects during metamorphosis is usually negative (e.g., E in Ͻ E out ) (Downer 1981) : no energy enters the system, although a significant amount of energy undergoes transformation and moves out of the system. Thus, for insects to support the transformations implicit within the metamorphosis process, energetic reserves accumulated during the larval stages are used to obtain energy and for the provision of anabolic precursors (Downer and Matthews 1976) .
During metamorphosis of holometabolous insects, the general metabolic rate (measured by oxygen consumption, carbon dioxide production, and/or heat production) usually follows a U-shaped curve (Agrell and Lundquist 1973) . That means that energy consumption is high during the Þrst stages of metamorphosis, declines toward the mid-pupal stage, and increases again toward the last phases of the larval-adult transformation. This type of metabolic trend during holometabolous metamorphosis is well documented (Agrell and Lundquist 1973) , and has been described for the Mediterranean fruit ßy (Medßy), Ceratitis capitata (Wiedemann) (Langley 1970) . Although it is generally accepted that lipids (mainly triacylglycerols) and carbohydrates (mainly glycogen and trehalose) are the main sources of energy during metamorphosis (Agrell and Lundquist 1973) , little is known about the differential utilization of all these energetic metabolites or the role of proteins as an energy source.
One of the most extreme metamorphosis processes in insects is that undergone by the group of higher ßies (Cyclorrhaphous Diptera) (Denlinger and Zdarek 1994) . In this group, larval-adult transition is complicated even more by the presence of a metamorphosis event: pupariation (puparium formation and hardening). Pupariation consists of the adoption by the late larva III of an ovoid shape followed by sclerotization and pigmentation of the larval cuticle, which is mediated mostly by catecholamine derivatives. The main events occurring during metamorphosis of higher ßies from the moment the larvae leave the food are: 1) dispersal phase and random location of a suitable pupariation site, 2) onset of pupariation and of prepupal stage, 3) larval-pupal apolysis and pupal stage, 4) pupal-adult apolysis and pharate adult stage, and 5) adult eclosion (Denlinger and Zdarek 1994) . The onset, duration, and end of these stages in the Medßy have been previously described in detail by Rabossi et al. (1991 Rabossi et al. ( , 1992 , and have been used to establish the patterns of several physiological and biochemical events in this insect , Rabossi et al. 2000 . In the current study we take advantage of this insect model to investigate the patterns of total lipid, glycogen, hemolymph-carbohydrate, and protein during the larval to adult transition in the Medßy. In addition, we explored the putative role of proteins as a source of energy during the initial stages of Medßy metamorphosis by measuring the activity of glutamate dehydrogenase (GDH), an enzyme linking the oxidation of glutamate to the tricarboxylic acid cycle (Chefurka 1965, Novak and Piechowska 1982) .
Materials and Methods
Insects. Wild type C. capitata of the strain "DOZ-3" were reared in carrot-based medium (Quesada-Allué et al. 1994) . Larvae through adult ßies were maintained at 23ЊC and 60 Ð 80% r.h., with a 16:8 [L:D] photoperiod. All results below refer to time-dependent events occurring during a standard life cycle under these rearing conditions (Rabossi et al. 1992) . The age of larvae III is expressed in hours before puparium formation (BPF). The third instar Medßy emerges from the food 8 h BPF and wanders for a few seconds on top of the food, after which it shows a peculiar jumping behavior . The age within the puparium is expressed in hours after puparium formation (APF), which starts at the deÞnite immobilization of the third instar (previously deÞned by Rabossi et al. 1991 as "Zero Time").
Fresh and Dry Weight. Groups of 20 to 25 organisms were sampled at different development times and used for weight determination. Development times extended from the jumping third instars (8 h BPF) until the emergence of exarate adults (312 h APF). Organisms were individually fresh-weighed (Ϯ0.1 mg), dried for 16 h at 75ЊC, and then dry-weighed (Ϯ0.1 mg).
Lipid and Glycogen Extraction and Quantification. The insects were sampled at different development stages starting from jumping larvae (8 h BPF) to adult emergence (312 h APF). For each development age we used a minimum of 20 to 30 specimens. Flies were individually homogenized in 0.2 ml of 2% Na 2 SO 4 . A solution of 1.3 ml chloroform:methanol (1:2) (vol:vol) was added to the homogenate, mixed, and centrifuged (5,200 ϫ g) for 10 min. After centrifugation, a sample of the supernatant was used for lipid determination and the pellet, containing most of the polysaccharides, was further treated for glycogen estimation.
Lipid quantiÞcation in individual organisms was made using the vanillin-reagent method (Warburg and Yuval 1997) . Chloroform:methanol (1:2) was completely evaporated and the lipids were resuspended in 0.3 ml H 2 SO 4 . Lipids were hydrolyzed at 100ЊC for 10 min and an aliquot (30 l) was reacted with the vanillin reagent (270 l) for 30 min. Quantity of total lipids per organism was estimated by measuring absorbance at 490 nm in an ELISA-reader spectrophotometer (standard: Triolein; Sigma, St. Louis, MO).
Glycogen was further extracted by subjecting the pellet obtained after 5,200 ϫ g centrifugation to a digestion in KOH followed by ethanol precipitation (Tolmasky and Krisman 1987) . The material was digested at 100ЊC for 15 min in the presence of 0.9 ml of 33% KOH. Three volumes of 96% ethanol were added to precipitate the glycogen. After keeping the solution overnight at 4ЊC, glycogen was precipitated at 2,000 ϫ g. The pellet was resuspended in 0.1 ml of water. The total amount of puriÞed glycogen per individual was determined by reacting 50 l of the suspension with 250 l of I 2 /KI/CaCl 2 reagent (Krisman 1962) and measuring absorbance at 450 nm in an ELISA-reader spectrophotometer (standard: glycogen of rabbit liver, Sigma).
Determination of Total Hemolymph-Carbohydrates. Hemolymph was extracted from 15 fresh individuals at each developmental stage. The ßies were punctured through the cuticle with an insect pin and immediately placed on a nylon membrane attached to the top of an Eppendorf vial loaded with phenylthiourea crystals. After centrifugation (350 ϫ g for 2 min), hemolymph, free of fat body, was collected. The hemolymph was centrifuged (15,000 ϫ g for 2 min) to eliminate hemocytes. Total carbohydrates in the sample were determined using the Anthrone method (Warburg and Yuval 1997) . QuantiÞcation of hemolymph carbohydrates in emerging adults was not performed because of the inability of this technique to extract signiÞcant amount of hemolymph. Thus, determination extended to 280 h APF.
Protein Determination. Crude extracts from insects at different developmental stages during metamorphosis were prepared using one batch of 10 well synchronized ßies per development time. Flies were homogenized in a Teßon-glass tissue grinder with 0.1 M sodium acetate pH 4.5 and several crystals of phenylthiourea. The homogenate was centrifuged at 8,000 ϫ g for 10 min at 4ЊC. The supernatant was precipitated with 10% trichloroacetic acid (10% TCA) for 20 min at room temperature and centrifuged. TCA-precipitated proteins were determined with the Bradford reagent (Sigma) at 595 nm in an ELISA spectrophotometer (standard: bovine serum albumin, Sigma).
Glutamate Dehydrogenase Activity. GDH activity was measured in mitochondrial isolates. Preparations, highly enriched in mitochondria, were isolated from 1 g of synchronized Medßies. Insects were ground in a mortar with liquid nitrogen and homogenized in a tissue-grinder with 2:1 (v/w) sodium phosphate buffer, pH 7.5. Nuclei and cell-debris were removed at 750 ϫ g for 15 min at 4ЊC, and the supernatant was centrifuged at 8,600 ϫ g for 10 min at 4ЊC to sediment most of the mitochondria. Mitochondria were washed once with the above buffer, resuspended in 0.1 M sodium-phosphate buffer, pH 7.5, and sonicated in a VirSonic sonicator (Virtis, SP Industries Inc., Gardiner, NY).
Mitochondrial GDH activity was determined at room temperature for the amination reaction by automatically recording absorbance on a Gilford Response II spectrophotometer (Gilford, Ciba Corning, MedÞeld, MA). The reaction mixture contained 0.2 mM NADH, 6 mM ␣-ketoglutarate, 300 mM NH 4 Cl in 0.1 M potassium-phosphate buffer (pH 7.8), and 50 l of enzyme source. SpeciÞc activity was expressed in micromoles of NADH transformed during 1 min of reaction time per mg of protein (Novak and Piechowska 1982) . Protein was determined as above.
Acid-Proteinase Activity. Fifty ßies (stored in liquid nitrogen until analysis) from well identiÞed stages at various points in the life cycle of the Medßy were homogenized with 2:1 (v/w) 0.1 M sodium acetate buffer (pH 4.0) in a Teßon-glass tissue grinder at 4ЊC. The homogenates were centrifuged at 12,000 ϫ g for 30 min at 4ЊC, and the supernatant was used as a source of soluble acid proteases. Proteolytic activity in the samples was measured at 4ЊC using acid-denatured hemoglobin (Sigma) as a standard substrate. The reaction mixture contained 0.025 ml of enzyme solution and 0.35 ml of 0.1 M sodium acetate (pH 3.5) and the reaction was started by addition of 0.1 ml of hemoglobin solution adjusted to pH 3.5. After an incubation period of 10 to 30 min (45ЊC), the reaction was stopped by adding 0.5 ml of 6% TCA. Samples were centrifuged and the absorbance of the liberated peptides was measured at 280 nm in a Gilford spectrophotometer. Blanks were performed by adding TCA before the addition of the substrate. Incubation temperature used (45ЊC) was that at which enzyme activity was maximal when it was determined "in vitro" (calibration curve not shown). One enzyme unit is deÞned as the amount of enzyme needed to increase one absorbance unit at 280 nm per min per ml (at 45ЊC).
Statistical Analysis. Differences in lipid, glycogen, and hemolymph carbohydrate contents during the different development stages were inferred using a nonparametric one-way analysis of variance (ANOVA) (Kruskal-Wallis) (SAS Institute 1990). Homogeneous groups were determined from the conÞ-dence intervals of the median.
Data on fresh-weight and dry-weight as affected by development age were Þtted to a series of ascending polynomial functions (Sokal and Rohlf 1981) . Fitting was performed using the average levels for each agepoint. Data analysis was performed with General Linear Models (SAS Institute 1990). Development time was treated as a continuous variable and linear, quadratic, and other models were Þtted using the partition of the sum of squares. Fitted models were used to estimate percent changes in these parameters during development. 
Results
Changes in the proÞle of lipid, glycogen, hemolymph-carbohydrate, and protein contents during C. capitata metamorphosis are shown in Fig. 1 . Lipid content differed signiÞcantly between the different larval to adult developmental stages (H ϭ 218.266, P Ͻ Ͻ 0.01). Lipids signiÞcantly increased by Ϸ100 g from 8 h BPF until 20.5 h APF (larval-pupal apolysis) (Fig. 1) . From this point on, lipids ceased to accumulate and started to be consumed. At 98 h APF (midpupal stage) lipid loads were signiÞcantly lower than the level reached at 20.5 h by an approximate amount of 150 g (Fig. 1) . This drop in lipid load coincides with the disintegration of the larval fat body, as evidenced from histological sections of pupal tissue (Rabossi 2001) . From 98 h APF until 232 h APF (midpharate adult stage) there is a relatively small decrease in lipid content. From mid-pharate adult and until adult ecdysis, however, lipid content signiÞcantly decreases (Fig 1) . The average drop in lipid content between mid-pharate adults and emerging adults was Ϸ200 g. The overall decrease in lipid content from the onset of metamorphosis until adult emergence was Ϸ50%.
Glycogen levels throughout the measured development times also differed signiÞcantly (H ϭ 71.12, P Ͻ Ͻ 0.01). Between 8 h BPF and 20.5 h APF there is a signiÞcant decline in glycogen reserves (Fig. 1) . The drop during these few hours is to approximately one half the level recorded at 8 h BPF. Thereafter, glycogen levels recover and reach a new peak at Ϸ280 h APF, just before adult ecdysis (Fig. 1) . Glycogen content drastically drops to a very low level at the time of adult ecdysis.
Hemolymph carbohydrates follow a similar although more drastic pattern to that seen for glycogen during the Þrst hours of metamorphosis (Fig. 1) . Hemolymph carbohydrates, which are mainly composed of trehalose as judged from thin layer chromatography (not shown), drop signiÞcantly (H ϭ 33.74, P Ͻ 0.01) to very low levels during the Þrst 20.5 h APF. From this stage until the end of the larval-adult transition this metabolite stays at a very low level (Fig. 1) .
Soluble in sodium acetate buffer (0.1 M, pH 4.5) TCA-precipitable protein declines from the beginning of metamorphosis to less than one half of its original level at the end of the prepupal stage (40 h APF) (Fig.  1) . TCA-precipitable protein stays at this reduced level for most of the pupal stage, increasing to slightly less than its original level toward the end of the pupal stage. During the pharate-adult stage there does not seem to be any signiÞcant change in the TCA-precipitable protein.
Based on the results of the TCA-precipitable protein proÞle, we decided to investigate the activity of GDH and acid proteinases for the early stages of the larval-adult transition (prepupal and pupal stage), when large changes in the contents of protein occur. The activity of these two enzymes during the prepupal and pupal stage is shown in Fig. 2 . GDH activity starts to increase during the prepupal stage (0 Ð20.5 h APF), reaches a maximum at approximately 40 h APF (beginning of pupal stage), and declines to very low levels at approximately 100 h APF. Acid proteinases increase from "Zero Time" and peak at 40 h APF. Subsequently, acid proteinase activity remained at an approximately constant level throughout the entire pupal stage. The maximal GDH and acid-proteinase recorded activities both coincide with the measured decline in TCA-precipitable protein (Fig. 1) .
In Table 1 we summarize and contrast the relative changes in levels of metabolites during the main stages of the metamorphosis. The percentage change for each of the metabolites and periods is relative to the level at the start of the speciÞc period being considered. During the larvae III dispersion stage, lipids increase slightly (Ϸ7%), whereas glycogen decreases by 18%. From "Zero Time" (complete immobilization of the larvae) until larval-pupal apolysis (20.5 h APF), lipids continue to accumulate (an extra 10%) reaching a maximal level, whereas glycogen and hemolymph carbohydrates drastically decrease (Ϸ35 and 80%, respectively). Proteins start to be broken-down during this stage. Between larvalpupal apolysis and the onset of the pupal stage (40 h APF), lipids are slightly consumed (10%). Protein, however, shows a drastic fall during this period (Ϸ38% of its level at the larval-pupal apolysis). During the Þrst half of the pupal stage, lipids drop by Ϸ14% and glycogen is consumed by Ϸ26% (Fig. 1) . Proteins donÕt seem to suffer any change during this Þrst part of the pupal stage (Fig. 1) . However, during the second part of the pupal stage, proteins increase by 50% (Fig. 1) , reaching levels slightly lower than those seen at the beginning of the larval-adult transition. During the Þrst half of the pharate adult stage, lipids drop slightly (19%), whereas glycogen increases signiÞcantly and proteins remain stable. Hemolymph carbohydrates drop to very low levels during this stage. During the second half of the pharate-adult stage and until adult emergence, lipids and glycogen are signiÞcantly consumed (Ϸ34 and 63%, respectively).
In Fig. 3 we show the fresh-and dry-weight patterns during the larval to adult transition. In both cases, third-degree polynomials satisfactorily removed the variability (for fresh weight: F ϭ 5.546, P ϭ 0.04; for dry weight: F ϭ 4.647, P ϭ 0.06). Relative changes in weight were estimated from the Þtted functions. Fresh weight declines by Ϸ18% during the Þrst 40 h after the onset of pupariation (that is, during the prepupal stage), whereas dry weight only decreases 10%. The total fresh weight lost during metamorphosis accounts for Ϸ34%, whereas that of dry weight also declined by a similar proportion (31%). In both cases, the main weight loss after the pupal stage and until the emergence of the adult is caused by the excision of the puparium case by the emerging adult and accounts for Ϸ20% of the whole pupal weight.
Discussion
Total lipid dynamics during Medßy metamorphosis has been described previously although, apparently, the insects were not carefully synchronized. Langley (1970) showed a constant rate of utilization of total lipids (i.e., a linear drop) during the entire metamorphosis. However, Municio et al. (1980) and Pagani et al. (1980) described a different trend in total lipid content during Medßy metamorphosis. Although their data were not correlated with speciÞc metamorphosis events, Municio et al. (1980) and Pagani et al. (1980) showed a small drop of total lipids during what seems to be the prepupal and pupal phases. Their data also show that this small drop during the Þrst half of metamorphosis is followed by a more drastic utilization of lipids during the pharate-adult stage (just a few hours before adult emergence). Our results, which more accurately describe the time-dependent events of metamorphosis in the Medßy as a result of a well-synchronized protocol (Rabossi et al. 1991) , partially coincide with those of Municio et al. (1980) and Pagani et al. (1980) , and conÞrm the differential lipid utilization during larva to adult transition. Our results also showed an interesting accumulation of lipids from the deÞnite immobilization of the larva (0 h) that peaks at the larval-pupal apolysis stage (20.5 h APF). This accumulation of lipids at the beginning of metamorphosis coincides with the in vivo incorporation of labeled triacylglycerols reported by Garcia et al. (1980) to be maximal at this stage. Municio et al. (1980) and Pagani et al. (1980) could not detect this lipid increase, probably because of the extraction method used or because of a less careful synchronization protocol. Similarly, the differences between our results and LangleyÕs (1970) lipid trends may be related to the lipid-extraction method which, in this case, seems to be based on whole individualÕs chloroform extraction to remove "fat." This method may have created an artifact because water is also removed with this technique. Thus, the initial large lipid drop seen by Langley (1970) may be a result of the observed relatively large water loss during pupariation and pupal case hardening (Fig. 3 ) (Wappner and Quesada-Allué 1996) .
Glycogen content follows a peculiar trend (Fig. 1) . Accumulated reserves during the larval feeding period are drastically depleted during the departure of the larvae from food ("skip behavior") and during the prepupal stage. The lowest glycogen level during the prepupal stage is attained at the larval-pupal apolysis (20.5 h APF). Similarly, hemolymph carbohydrates (mostly trehalose) are even more drastically used during the larval skip behavior phase and the prepupal stage, reaching very low levels at the larval-pupal apolysis (Fig. 1) . The almost complete utilization of glycogen and carbohydrates during these early stages is probably linked to the high energy requirements of the larval-dispersal stage. Glycogen and carbohydrate utilization may also contribute to the ongoing accumulation of lipids registered during the larval skip phase and the Þrst 20.5 h (apolysis time) of pupal life. This initial depletion of glycogen reserves during metamorphosis of the Medßy was recently described by Tolmasky et al. (2001) and has also been shown to correlate with the activity of glycogenolysis enzymes and trehalase activity (Rabossi et al. 2000 , Tolmasky et al. 2001 . The recovery of glycogen reserves during the last hours of the pupal stages and during the Þrst part of the pharate-adult correlate well with the activity of glycogen synthase, which was shown by Tolmasky et al. (2001) to be highly active between 40 and 100 h APF. The subsequent utilization of glycogen reserves during the last hours of the pharate-adult seems to strengthen the notion that this last stage of the metamorphosis is energetically demanding, as suggested by the large lipid consumption during this phase and from respiration curves (Langley 1970) . The sharp decrease of glycogen reserves during the last hours of the pharate-adult stage results in emerging adults having a relatively low load of these reserves, which has been described earlier for newly emerged adult Medßies (Nestel et al. 1985) .
Larval-protein breakdown during the initial stages of Medßy metamorphosis, and the subsequent resynthesis of adult-proteins, has been described by Rabossi et al. (2000) , and agrees well with the observed patterns of acid proteinase activity (Fig. 1) . This massive rupture of proteins was expected and correlates well with the metamorphosis-stages of larval tissue-histolysis in holometabolous insects (Agrell and Lundquist 1973) . Similarly, the reconstitution of proteins during the pupal stage was as expected because adult tissue is being rebuilt by proliferation of imaginal discs and histoblasts. It is important to note that the sodium acetate soluble and TCA-precipitable proteins represent between 25 and 50% of total alkaline soluble protein (data not shown). Therefore, the source of amino acids for the increase in acidic soluble and TCA-precipitable proteins during 100 to 140 h APF may also, probably, be derived from the buffer insoluble proteins or from those proteins that did not precipitate with TCA.
It has generally been assumed that amino acids, derived from the initial protein breakdown during early metamorphosis, serve as a reservoir of protein building blocks for restructuring adult tissues by imaginal cells (Levenbook 1985, Telfer and Kunkel 1991) . Little attention, however, has been given to the eventual energetic role of amino acids during the larvaladult transition of insects. Our results, showing high activity of GDH during the prepupal and pupal stages (Fig. 2) , suggest that, during the initial phases of metamorphosis of the Medßy, a portion of the amino acid pool may be directed into the tricarboxylic acid cycle and may be used for immediate energetic needs and or are incorporated into other energetic metabolites. This suggestion is based on previous studies reporting on the linkage between GDH activity, mitochondrial respiration, and amino acid oxidation (Novak and Piechowska 1982) . Moreover, it is improbable that GDH will be actively reducing ␣-ketoglutarate to glutamate when there are plenty of amino acids for transamination derived from protein breakdown. Recent evidence (D.T., A.R., and L.A.Q.A., unpublished results) seems to point to the fact that during the de novo synthesis of glycogen in the pupal stage, atoms of carbon derived from amino acids are incorporated into glycogen molecules. In addition, the fact that glutamate is the major amino acids constituent of Medßy larval proteins (Chan et al. 2000) strengthens the possibility that the GDH pathway is being used to oxidize amino acids and incorporate them into the tricarboxylic acid cycle.
Previous reports on the oxidation of amino acids during early metamorphosis of holometabolous insects are scarce. They include that of Dinamarca and Levenbook (1966) on the rapid oxidation of lysine at the beginning of pupation of the Blowßy, Phormia regina (Meigen), and that of DÕCosta and Birt (1966) , who claim that the Blowßy, Lucilia cuprina Wiedemann, oxidizes amino acids during the Þrst 2 d of metamorphosis. In addition, Levenbook (1985) reported that 17% of the total labeled amino acids provided to a last stage feeding larvae of Calliphora vicina Robineau-Desvoidy were expired as 14 CO 2 during early metamorphosis, indicating oxidation of storage proteins. The energetic utilization of part of the amino acid pool during the early stages of metamorphosis is of great interest and may be more widespread in insects than shown up to now.
The energy balance sheet drawn in this study for the time-events of the Medßy metamorphosis (Table 1) raises new questions on the regulation of energetic resources during this larval-adult transition stage of holometabolous insects. Lipids, together with glycogen, have usually been thought of as the predominant source of energy during this nonfeeding stage of insects (Agrell and Lundquist 1973 , Gilbert and OÕConnor 1970 , Beenakkers et al. 1981 . Although our study did not modify this concept and lipids were shown to be a dominant source of energy for the Medßy, the utilization pattern of this resource during the different stages of metamorphosis was unexpected. The ongoing accumulation of lipids during the Þrst part of the prepupal stage, and the main consumption of lipids during the pharate-adult stage suggests that lipids may have been secured for this last highly energy-demanding phase of metamorphosis. Similarly, the possibility that amino acids are being oxidized or incorporated into other energetic metabolites during the prepupal stage, and that oxidation seem to take place while energetic demands are high and lipid catabolism seems to be of no importance, strengthens the notion of an existing lipid-saving mechanism in Medßy pupae. In addition, the possible transfer of amino acids to the TCA cycle during the prepupal phase points to an interesting energy regulation mechanism in which amino acids (which may be abundant, readily available, and probably in excess during this stage of the metamorphosis) are being used for energetic purposes as well as to rebuild adult proteins. That is, even though amino acids are usually considered to be an expensive source of energy for any organism, the possibility that they may be available in excess during the prepupal stage suggests that Medßy metabolism at a key development point of metamorphosis may tend to maximize the rapid utilization of resources by using an energetic source that, in any case, will probably be eliminated.
